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Abstract—This article is a review of how Information and 
Communication Technologies (ICTs) help in the assessment 
and early intervention of reading disabilities (RD) and espe-
cially of dyslexia. Phonological awareness is highlighted as a 
main ability that predicts later reading skills. Here are 
presented several studies that display computer games, 
programs and applications by which teachers can intervene 
to boost phonological awareness and help preventing RD or 
dyslexia from an early age. Most studies focus in preschool 
age, although dyslexia in kindergarten is a field that has not 
been investigated thoroughly, and are certainly a precursor 
for studies to follow. 

Index Terms—ICTs, reading disabilities, dyslexia, phonolog-
ical awareness, early intervention, games. 

I. INTRODUCTION 
According to the National Institute of Neurological 

Disorders and Stroke, RD or dyslexia is a brain-based type 
of learning disabilities that strictly weakens a person’s 
ability to read [1]. Dyslexia is not related with a person’s 
IQ but, as shown in the studies discussed later, it has 
strong connection with phonological awareness, short 
term memory and rapid naming. 

Among different countries and theoretical views differ-
ences are detected in the use of terms for dyslexia. These 
terms usually reflect different research techniques [2] and 
ethnic policies about education. In many countries chil-
dren struggling with RD attend general school but have 
special educational needs. Thus, early diagnose, apprecia-
tion of these special needs and intervention can help the 
educational process, in respect of children and teachers. 

ICTs are a growing field which is gradually becoming 
established as a means of supporting education [2], espe-
cially where special educational needs are present. 

This article is a review of how Information and Com-
munication Technologies help in the assessment and early 
intervention of RD and especially of dyslexia. Here are 
presented several studies that include computer games, 
programs and applications that can boost phonological 
awareness or help preventing reading disabilities and 
dyslexia. 

Emphasis is given in phonological awareness, as it 
proves to be one of the most crucial predictors of future 
reading problems. Techniques, computer programs, appli-
cations and games are reported and the significance of 
ICTs and how they can help in education is highlighted, 
especially on children diagnosed with RD, through the 
citation of studies and experiments. The vital role of early 
intervention and preschool age as a nodal point for as-
sessment and intervention of dyslexia is revealed [3], [4]. 

II. PHONOLOGICAL AWARENESS AND ICTS 
Phonological awareness refers to the ability of someone 

to recognize that every sentence can break down into 
syllables, every syllable can break down into words and 
every word can break down into phonemes [5]. It is a very 
important capability and, at the same time, a reliable pre-
dictor of children’s later ability to read [6]. "Phonological 
awareness, as with other decoding skills, is not an intui-
tive  or naturally developing ability, as language skills 
may be for some children, but rather may require deliber-
ate teaching and practice opportunities" (p.4) [6]. As it 
seems, it is significant that preschool education, through 
appropriate activities, reinforce phonological awareness of 
students so that their later reading ability will be strength-
ened. 

Under the Treaty of Salamanca all children should learn 
together regardless of any differences [7]. That includes 
children with reading difficulties, who are part of the 
regular school. Thus, it is the teacher’s liability to find 
ways to include these children in the educational process. 

It is especially substantial that teachers find ways to 
boost phonological awareness in children whose devel-
opment of literacy and phonological awareness falls short 
of their age. It is important that teachers remember the 
significance of feedback. "This means that newly intro-
duced skills, concepts, and vocabulary need to be repeat-
ed and revisited as a natural occurrence not just through-
out the day but as planned , ongoing cycle throughout the 
year"  (p.9) [6]. 

As said before, one of the most effective ways to pre-
vent RD in the future is to strengthen phonological aware-
ness in early years. In this, using technology may help, as 
it has established positive results in supporting students 
with special needs during the last decades [8]. 

Specially constructed computer programs can help chil-
dren with RD to develop literacy through a playful and 
guided way. In accordance with Barker and Torgesen; 
Mioduser, Tur-Kaspa, and Leitner; Reitsma and Wes-
seing, cited in Segers & Verhoeven, studies have shown 
that computer intervention  can strengthen phonological 
awareness in both children who are at risk of  reading 
disorders and children who are not [9]. 

Segers and Verhoeven (2004) designed specific training 
computer-based exercises and researched if they can in-
crease phonological awareness in kindergarten children 
struggling with RD, who worked with the computer pro-
gram for 14 times, 15 minutes each time. The program 
included computer exercises for word awareness, syllabic 
awareness, rhyme awareness and phonemic awareness. 
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The results showed substantial progress made in these 
areas after the intervention program [9].  

According to Moody (2010) electronic books are also a 
fun and effective way to enhance kindergartner’s phono-
logical awareness. She supports that e-story books can 
develop children’s literacy skills, reinforce independent 
reading, demonstrate word pronunciation, prevent children 
from losing interest - because of their digital features - and 
provide instant feedback [10]. 

Haugland and Wright, cited in Van Scoter [8], state that 
children tend to take leadership roles and interact more 
with a computer program. Van Scoter (2008) supports that 
computer programs can help children reinforce their skills 
in literacy and that technology can offer main assistance to 
students with special needs. Nevertheless, for technology 
to be a cofactor that can enhance phonological awareness 
in kindergartners, it must follow and supplement the cur-
riculum, always with the teacher as guide, and be applied 
in daily routine [8]. 

III. ASSESSMENT AND ICTS 
According to Philips et al. (2008) assessment is a really 

vital factor for all children in every educational stage and 
it is necessary in preschool age, as it can prevent future 
reading problems [6]. It is the best way to see the child’s 
abilities or weaknesses as kindergarten children are not 
"tabula rasa". "Therefore, a teachers initial task is to use 
formal or informal assessment to identify where each 
child is showing mastery "  (p. 5) [6]. Toki, Pange and 
Mikropoulos (2012) also stress the importance of teachers 
in the assessment of reading disorders, which is crucial for 
an early intervention to follow [11]. 

Justice, Invernizzi, & Meier (2002) support that literacy 
screening at early age offers a strong means for prevention 
and later intervention, if needed, since not every child 
battling with deficiency in communication will face litera-
cy problems. According to the same authors, screening 
tools should be used to examine children’s skills in the 
fields of written language awareness, phonological aware-
ness, letter name knowledge, grapheme-phoneme corre-
spondence, literacy motivation and home literacy, which 
can predict extensively literacy achievement. It is worth 
mentioning that screening tools should be designed and 
tested by experts, for a certain group of students and 
should be combined with intervention and assessment 
tools for better results [12]. 

Snow, Burns and  Griffin (as cited at Pennington & 
Lefly) [13] accentuate the importance of early classifica-
tion and intervention of children at risk for reading disor-
ders. According to Pennington and  Lefly (2001) assess-
ment should be made at early age, as the risk of dyslexia is 
likely to be inherited [13]. 

Schatschneider, Fletcher, Francis, Carlson, and 
Foorman (2004) support, after studies, that assessment 
should be made in  phonological awareness, letter sound 
knowledge and Rapid Automized Naming, as they are 
factors that can strongly predict future reading problems, 
as early as the stage of kindergarten [14]. Likewise, ac-
cording to Sutherland and Gillon (2005) intervention on 
phonological awareness should take place at an early age, 
but before that an appropriate assessment is fundamental 
[15].    

Toki et al. (2012)  underline that ICTs, through appro-
priate programs (like APLo), can give an accurate evalua-

tion of a child’s reading disorders [11]. Singleton, 
Thomas, and  Horne (2000) highlighted the advantages of 
computer based assessment which, as they said, is more 
enlightening and it gives results faster. They made a longi-
tudinal study in 421 children and presumed that short term 
memory and phonological awareness can predict the abil-
ity of a student to read [16]. 

Aristodemou, E., Taraszow, T., Laouris, Y., 
Papadopoulos, T., Makris (n.d.) developed a nonverbal 
screening test named MAPS (Mental Attributes Profiling 
System) that can assess the learning capacities of students 
at any age. The test evaluates different learning aspects, 
such as lateral awareness, the ability to categorize, visual 
and auditory memory, visual and auditory discrimination, 
sequencing and navigation. After the implementation it 
was found that lateralization, auditory memory, categori-
zation, sequencing and auditory discrimination are the five 
greatest predictors of reading performance [17]. 

IV. EARLY INTERVENTION AND ICTS 
A kindergarten child cannot be diagnosed with dyslexia 

because of its early age. What should be done, though, is 
to discover if it has specific language impairment (SLI) or 
other language difficulties that can lead to dyslexia in the 
future. In that case immediate intervention is needed, 
especially in the field of phonological awareness [18], 
children’s auditory and speech processing, regarding their 
close relationship with reading development and dyslexia 
[3]. 

Elbro, Borstrøm, and Petersen (1998) had early high-
lighted the importance of prediction and prevention of 
reading disabilities since they believe that language skills 
in preschool age adjust future reading development. After 
a study they made in kindergarten children, they confirm 
that, except phonological awareness, naming speed and 
short term memory, the quality of phonological represen-
tations is also a crucial factor that can predict reading 
difficulties [4]. 

Macaruso and Walker (2008) presented a 6-month 
computer intervention in phonological awareness of kin-
dergartners. The results showed that children can benefit 
of such programs which are easy and fun to use and give 
immediate feedback [19]. 

Wolgemuth et al. (2013) confirmed that programs using 
ICT can help teachers boost literacy skills in their early 
aged students. He and his team applied an intervention 
program named ABRA (ABRACADABRA) with the help 
of specially educated teachers, using school’s existing 
technology. Before the execution of ABRA the level of 
early reading ability, early literacy skills and reading and 
math skills of each child who participated was assessed 
through computer-based or not tools (such as GRADE K, 
PIPS-BLA and APFOR). The results showed that, after 
the implementation of ABRA, phonological awareness 
and phoneme-grapheme correspondence of all students 
was improved and the effects on indigenous student’s 
early literacy skills were encouraging [20]. 

Shamir & Korat (2007) developed and implemented an 
educational e-book that intended to foster kindergartener’s 
emergent literacy through activities that children would 
find amusing. Children participated in three e-book activi-
ties: “read only”, “read with dictionary” and “read and 
play”. The results showed pure improvement in children’s 
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emergent literacy and writing, word recognition, and pho-
nological awareness [21].  

Segers and Bosman (2013) made a 3-weeks computer 
intervention at first graders with SLI and found out that it 
was easier to teach children with normal non-verbal IQ 
than children with lower non-verbal IQ. That indicates the 
importance of assessing and intervening in, not only pho-
nological awareness, but also other   aspects of IQ, in 
order to prevent learning disabilities [18].  

V. GAMES AND DYSLEXIA 
The term gamification refers to integration of some 

characteristics of games in real life situations intended to 
change the user’s way of thinking and acting, so that he or 
she is more involved in solving problems [22]. As said by 
Eriksson, Musialik and Wagner (2012), games strengthen 
children’s confidence and help them feel more powerful 
as they learn to cooperate, realize their mistakes and make 
what pictures unmanageable, achievable [22]. They also 
help users imagine and compose virtual societies so that 
they can interact more with people in real life and enhance 
the feeling of belonging. All these factors are considered 
when creating a game that will help children with reading 
disabilities [22]. Eriksson et al. (2012) cite that games and 
applications can adjust to education making it a fun and 
learning experience [22]. Thus gamification is a way to 
engage students in curriculum activities. 

Richardson and Lyytinen (2014) presented the results 
of the adjustment of "GraphoGame", a game designed to 
help kindergarteners showing early signs of dyslexia to 
recognize and separate phonemic sounds. Richardson and 
Lyytinen (2014) mention that the game is simple and 
accessible and it gives immediate feedback and rewards. 
The results were positive for letter knowledge and reading 
decoding skills of the children who played the game for a 
specific period of time [23].  

According to Stanovich (1988) and Ziegler (2006), 
cited in Richardson & Lyytinen [23] a dyslexic student 
cannot manage phonological features and thus he or she is 
having trouble in sound managing written language. The 
GraphoGame method concentrates in this, i.e. in teaching 
sound decoding [23].  

VI. DISCUSSION 
The purpose of this article was to stress the importance 

of early assessment and intervention of RD and to exam-
ine if ICTs can be a booster in this process, according to 
contemporary bibliography. 

Studies reviewed tend to point out that phonological 
awareness seems to be the most critical predictor of a 
child’s later reading facilities and that future reading de-
velopment depends on language skills in preschool age 
[4], [6], [18]. Several studies concentrated on how teach-
ers can screen and strengthen literacy skills and phonolog-
ical awareness of their students as early as the age of kin-
dergarten [12], [21]. 

Most studies agree that ICT can have a positive effect 
on students learning development and can offer a valuable 
tool, strengthening the educational process especially in 
students with special needs. A number of assessment and 
intervention tools has been presented, such as games [23] 
and computer programs [11], [17], [20], [21], aiming at 
evaluating and reinforcing children’s emerging literacy,  
phonological awareness, and learning capacities. It turns 

out that computer-based tools benefit both students and 
teachers. They are an easy and fun way for children to 
learn [22], give immediate feedback [23] and facilitate 
teacher’s job, since children can work on their own, with-
out the constant presence of the educator and give faster 
results. 

However there are several fields that demand additional 
research, as reading disorders in preschool age is a sector 
that hasn’t been investigated thoroughly. So far research-
ers tend to focus on school age students, understating the 
importance of preschool abilities. Nevertheless, the results 
of the investigations that have been accomplished to date 
indicate that assessment and intervention at preschool age 
is a nodal point for later prevention of a child’s weakness-
es and enhancement of its capabilities.  

Besides the scarcity of researches in this particular field 
and the reduced interest up to the present time, results are 
encouraging and indicate that ICTs contribute positively 
in the assessment and intervention of reading disabilities 
in early age. 
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